® B*m&ftfT cjp) © n & m m a m 

©^MWfr&ttCA) BS57- 164958 

©Int. CI. 3 WSMtt ffftWm^ mM 88^57^(1982)10/? 9 B 

C 22 C 33/02 644 1 -4 K 2 

8 W) 



©ft M BS56— 36132 

©m ffi 8356(1981)3^ 13 B 

®« m =£ &&mw 

imn&nm=M 2 tb 9 #15 

*#* a f-«BBEA.Ort 1 TB 2 
XJMB^HETrt/F 2 T B 17# 

91 » » 

«S« * ft ft « o B tt 

(1) 7*f UttKft**l*Kl»»K 
<Hi, * 5 _ 11 #ft**fc»B* * T * » » * 
£*Mfi>S£i-teV^, ftBitft¥a»*£i* 
JRtt;**/fl^-CftftBlS<;eftL. ihi-* 
HBftfc* cot L-cajc-f*w*»*»* 
TJD*.. Rftfi»Lt¥^ll«t l VaTi 

tftft»fcL. c © ftft »© »«* t* ** * 

in. cn**s, 

* -r * ^ * * 4 Ut6£t*«tff ** 

»«ftft«©B«;*tto 

(21 *aict ft ft ft* ff ft ft *.»«-. k 

ft*»*Xtt/*t* Kft«3»**l»l 
i. £*.*ilft»*LTftft»©«**tftt 



jin9C#*fflET*.* 2 TB 17# 

©a r a *w*«x**a#a 

IfffttfflEA^I^ 2TB 6 
• 1* 

©a « a M*«^x*«ca#a 

JfCwfmSfflE&wft 1 TB 2 

#1^ 

©til M A »±V-f^***?± 

*n0C**BBETrt.* 2 T B 17# 
10^ 

©ft a a &m± nmm 



» A & ft « 0 B a £ ** . 

(3) t * f * * 4 fttttftft*1t4> «-«»/!:« 
ft*t«ft«%^-«-»***te»**W1" 

« ttttxftft«®sa<:*v^ . ft 11 it ft m 

»*il*»tt;**fflV'XBfttt**V>fcft* 
»«<-BftL. £M:*ll*ft»t CO t L 
tSxr»KXlfrRX-ctni. Hft»*L 
X ¥5t*flt* l ^HTi Lfctl. 

fla B L » **iiK*nJ:yBftW**ajc 
T*i:K«M-ftftft**t ft * » t U • ^ © 
ft ft » © » « * H * T * t X 1- B ft * ft * * 

t * 6 Bflt * Bfi u . :nt«s. Bffl 
tt » « . *JStt#* + -CB2rEBL-C*»&B 

4f«»ff«»»*ftftB©»*^tto 

(4) #*7c£ftftft*f?ftfe*fcftftt»t::f*X 
»*, ftfl»*Xtt/*tflKft«J»;fc*lIl*. 

C*t4-aft»S>LXttK*BBT*»»IFI(l* 
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zxmmt nix & m&% z it*> % & « * * « 

ftT*@ttTfclH|jDDX*J!)n*.-T:^*o Li» L 3t 

* * „ c n <- *r l * toMm&nmmi- * v - m 

*«*T*fc*>cD*liajJDX * * O ft © im a *? 
*> IB fi *t ij . 

is i- * ft o -t ^ ft v> „ w *. « , « a * a -c n » 



«R|HSr»7-lfi4!IM (2) 

* » * ( r ^ i i xfii) ^#««gi:o*5)x 

* 2 H L fc f* , *SE-CII>*E*ni9#ff«jjoX 
tt©»,S*-*UiiBi;ditfc©£ttJSft6t><0 

« t> * «> * ^(OK^^si^tf *>h» % & *a n 

*#*a*83;tefc(i«tijja;5fc*>i::w:. & 

* e> a £ 19 * <7j 5? m i- 1 \> x m * <n u h *mt 
ft t> ft x * ft , Me7h-r<fx«*©j:3iL« 

«^&ft^*ift^ftonr. % P *l R 15 (- J: U 
5c * ( ) ©t&^XW/atfl* 



fflf*J5©*-Ctt&fMfcLftt*o * E * i:: 

*^ftfet«lW i- 4&*£u, » 

© ** # A» PR m. £ ft * »* ri> , A |g & £ L 
< « < ft 6 «> *fcffe©;fcrtf©-oH:* ± E S & 
&*i*i^Fi1ffiRl&fi#©7' ^ t * % 5 T ft 
V> 7 * - 7 # <t * fititco^t«»v>I«, 
01 * « 1 3 0 OttttKfkft^ilRl. £ *t * 

1 2 2 0 r ©fl*T***fift6*<fc©fc*>©P 

It £ ft * „ ^©fc«>7A,i^t9^^^K^Lt 
/V 5 ^W**l$£Lft<tjruifte>-f* * * £ & 

i- H* l, -c ft *fct©;£teH: % «»ft& 
iw^^iffltji c 6 a» e> » * * © fui a * 



fc*>. IB#iB«ii&**fc&*{fc ft 
?*©tt£**fi;*:fcT*fc£/*fca 0 £j e . ^ 
* e> n n < ft u „ * fij t ft * o 

*©fiiB;frfc*M9&Lft:t>©T$* 0 

* » «U! © - o li % t * «f v * >f 
W + I- «»ft«<k^^l^-<r^ft$-efcfi« 

ilH<-**iMfcfe*r CO £ ltlicT6KXt 
©*7-J-*»;KT AO*.* Lt ^^ttflt * 
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* £ $ * » * n * «W^^<tfei»<t^4r^- 
r.fct^t, fcatt<fc^t9*<b&*t»**BI^-t: 

9? ft 4fc * ft v> £ ^ im c- fjp. & u • 

»j m it & * 4t * 7t t * t(^^j-^^<t$Htx^ 

ti^lftar-i'J^^f Ml: f ft £ * 

* & en # a & co *r * 1 t ft £ * * w . Mo . 



I* i u i i- ^ i o ift, c vm<ttor-mm* 

a>J&£X»iJB*Jf»**Jjn*. c H * ¥ «t # i 

in U # * 5c T ft *l A H , &7tmm&V & &(t 
HI£;KfcG&0*>aPft~*ricft 

ft it d» - # oj h X t> If ft a ft a*, ft it - 7f « 
*i-J:ft«x-rtt»7cfi#&tf&&ffcS a.* 1 * 

0) t» ft # K « <- ft * . « , £l±©ip];&***;fc>it 
Xtt «ft»»*-C"i»f ft t±ttg£*.ftv>* 

a«a©*i(*itta*a)i-. «fls«5* co t 

L-r»7cTftO«i^TftSIB&ffi<7J^T*»J*fc 



WW57-16M58 (3) 

Cr, V, Ti , Nb , Ti<0 2HPil*^(*t 5 
- 6 0 % < E » % , # C ) . C * 0. 5 - 5 

*R*te*xtt*aa<fcft±«fc**5-fio 

JI8#a©8KD, SKH«*fc*T ft 



<- a £ 3 it ft V> « 


J* 


T*%^©^a*«^tft 
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iZ 
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#ft**(ftttTT 10 0 0 
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B4Sttlfcf-J:ft£ 




<fc & 15 * fr ft *> -e.ft £ £ i- 
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ill^^tftftft^^, £&fiS#©6«$Mc#! 

ttu*©«#Misai!fcu % t» # « a -c a <b a* 
»frTfta*t* ? ft<. eLa<Daaa«ia^«F. 



¥#*Lfc®tt--R;<Bfi#-C*>U % JE «t n * 

fcJ&^fcK^oTE^gl&Tft, 
8: jfc T ^ £ ♦ *a<-*fti§7c£ftJ)D£*£i- 
J: ft « 7c Jt IE a i- i : i -c ft < x t> , % w f^J 

(I^^ft«7C^ C $ ft 

w^«H-CfT^itit«J:< % atU^ittti : i 
T.ft *> O T ft o 
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« « a v © * * <t h « * e> , ignt<) 

*ft ft £ ft * ± . ttifcttcD**|fctt*aft3CD-c 
T * # £ * 0 £©iE£t&#f-*^x. & « 

a ft u . mr ft m ± c & * l . n« 



£ft»G4**j!JP*XE8>l*®Lfc8K tMfc ± j» 
5xio" ! » Hg # T © * 

^^tUltttKuhtM^. & £ (* © Aft # 
^^ife^U'Jftftrtll^f % * * * X 

/< 4 v^-*£tfi©X, CO/M y f - 1: J; 

ox«&©B£T**»&*i^*w*£it-ft 

V* * 5l-fttf 5^1*^5, , w ^ - - 

* 5c £ ft * * X tt§ Jfc <- A * £ * « © J! # <i ft U 

E^o & g <* © t& /^7^ y«4 0 0 t; it ift -c 

ii fT T * 6> . ^St*^^XftiS7ctt»B«43 
X5fe#ft*f**(fcteL* gs 

* © ® U \z # e l ft ^ J: 5i:R«TSo £ i- 9 

X-X*P.XfTft5t*%X** 0 * fc /«< y ^ 



* ft t> , * * L E < , t***<-AoXt>Stt 
ft < • » © R >f v^-xft*#«fcLftV* 
fc*>, 3* ***6>;Kft^*6citt# 
ft X * * „ 9 ^SrPSfcfcT 

* *■ H © /< 4 y r-i:o^ttt 4 ± E © 8ft '< 4 

31 £te*ft^ J: 5c»ifii:»i-c 
H * V* 0 ft % v X 8 C * v> X . 

t fc»HSiei:*v>t»ffl*, 900-1100 

t©sfltxa#ai*©jK*«*c:: 

X0K#x6f*6>ti**»fe. C©fH)Hl>pJ*&flt 

* « < L. #£<-fcCX£fi<::«l*#fcL, ft 
^i^^i;H7 Lfe >; **WBLX*e>jfcia 
c- A * o 1- S * 0* * * 
(- .t o X ft * * t> © x\ fl £ ft IB 1$ H tt ft* 

< ft * a< . >>t*flr*tf«*<fcfc«* 

*<««T6J;5<-ft*o tt o X . (ft fl tt tt ft 



»-i*T 3 0-7 0 ti:#«T6, 

ft ft ( ItS'i - 2 * > * - * ^ * 4 Mfec * 
- c # ft L ft £ ft ft A * * £ L x t*« . ft * 
9 5 - 9 7 %t^ii: 1 0 0 % I- tt ft & ft V* p 

Tfttfl 0 0%*I^ **©*>© 

«««IIK*««*ftL. «*«14*&C*ftAn 
tt©fcfc**fc<„ ftl&<*©ft**»«>S£fc 
t Lt«, ttJ**<D*fQ«ft f EK«*i*«*< % 

ftttfcofttt* ± ft * * n * 

m x * ft v*« 
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E ft T S „ to»*E*i:J:»J tt » * * l 0 0 
ft<D«t&0r<ti-ft* o »«s:<fctf*JftT**fc 

t^Ufi^M^, 8«^i:ffiS^9 5 ft & 
lt*HWDICti^UAtJ:v>, ft o X . 

9#EftU*<t*E«fiJ£ttttftftKaTTf7 

Lt» llOOtOlRttt lOOOKEtt*. 
*#Eft©to*tttftE*fccD®»*«ftfc>fti^ 
^t. ft * W tt Jf % i-tt*rfl*fc 

c <o * 3 i- b r » & K * ft * 6 * A « . * - 

JtU > m%* v » t v + i MfcL. 

* 7> x * >f KD«tfc*tt*»* tfccj; IK a 



WBW57-1G4358 (5) 
»l*frtt^4tt«r.jlti5lti«t fr ft & t 

* * mn\ 

8KH 5 7 ft £ ( 1 0 ft W - 3.3 ft Mo - 4 * Cr 
- 3.5 ft V ~ 1 0 ft Co - 1.2 5 ft C - j»ft Fe % 
Ma + 8i + P £ 0. 7 ft ) <DftftA&*ft*ftft 

WO a 1.2 6 1 If, MoO, 
0 5 2 5 If, Cr,0, 0.5 8 5 *9 , V|0, 0.5 1 S Kf r 
CoO 1.2 7 1 If. Fe t O a ( * ft ft ± L T Ma , Si f 
P**tf)>687If%tt«5^JtaT©tt** U 

ten, tniici. 6^^tte»0 

L . tt £ * l p XT t tit. c ft % /< <f y r - 
*«Hr>6C£fr<-<l/7 t c ft ft L T % + # 

* ft © (fc ft T ( 0.5 )t5t/^0«6^ 
t 1 0 0 oroifltitllllBL, 3**IHJ#fcL 
■C»7Ctfc*> »e>nfe«^*x-n, EPMAfc 

* ft ft S ft o *fc»#«*ltWtl. 3ft. ft # 



ft X ft ft 0. 8 ft T * O * 0 ft, £ © £ * © 03 S 
ft ft 4 2 /TiI;*<*£T * * 0 

COR*i:C0.6% 1 '<?7<fv4ft*ftllD 

l x 7*:j-*^-rfcv>#-* i * * ft ft ^ % 
KSK.'EBtg (EA i t/y ) l • I S 

ft? 1 0 - „ ft?3 0»<Dft!lffl& ffl * « «K 

* 4 0 0 tl?fttR/<7 y*i|BoTH3eflt 
^«TL. Bat 9 0 0 ^1,lD0teatH9 
*2tf*«TLfco £©Jt£«©fcTtt* ft ffi 

£ C * T fi flt If 1,1 4 Otdttf, 1 ft M ft ft 
tT MIS * frftofc. ft e>Hfcl*ft/Bft£ttft 
I* * ft 1. 2 6 ft ( 9t K ft ) „ it ft 7. 9 1 
it 9 6. 0 ft ) T O*: o 
* C- . :ottte(**l,l50t % 1 1 5 0 ft E © 
»fi»Er^^v«T4 0#Wft#E«*fT* 

ofco * © » it ft ft 8. 2 4 ft , ft « « 
*©52«**l5£:i-ftftfcft ft A &&m&* b 



ft . C*l(:«ft©^ftl ( 1 2 0 0 tX 2^, ffi 
fcftAft. 5 6 0 1X60^X30, 
*to*X*ft£fjt*r;&*«£Lfc*c** «ff 
tt 6 7 HKC , tt*rflft493 Cf/«(fi*rttft£ 
^tt'ft*4«, rfi8«, ft«20>)t«o 
fc „ CKC»U, *#E«*ifl!*fcftL|5li;ft 
fc«*Lfcl*rt-ft % i$H^U67 HRC * * L 
fc © I- ft L * ttllT^«271 KfXrf fiLd^^^ 

*ofc 0 :o: * * e>ft # Eftftnai**-?* 

- ia<0»Pi:J;oi:»e)H4 8KB 5 7 
©ftftftft*flT65HRC % Kit ft 1 \ 1 U/m* x 

t & *j * # 

, * ft »J! l- X u ft U SKH 5 7 ft £ CD ft 
»«^#|<D«lA*i©t * © ft ft * * i Hrz, 
fc*r©«ftfcci J: U 8KH57ft3©W 
^**OttAH©*tO*«4rlU2Hii^r o 

( A eft* 4o'o ) ft i Btrtitt^it^^^ 
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tt ^ * -6 • 
* It ft (2) 

8KH 9 m% ( 6 % W - 5 % Mo - 4 % Cr - 2 
% V - 1 % C - BtffFe . Mn + 81 + P* 1.0% ) 

fc-f6*»*JB*fcS>. WO, 0.7 1 1 «f , MoO, 
0.7 5 0 Kr, Cr.O, 0.5 9 1 Xf, V s O, 0. 3 6 0 ** , 
Pe f O f 1 1.8 1 6 ** ( *l* ft t U "C Mn , 81 , P 

* * tr .) *H«5'^aTO»*fcLXE*b* 
ClillCl 40lr**jDLX«d*^L. ttft 

* 1 ^Tttt, ^!-*ftt«x 
L p »e.iifc»*tt«^i:§*<tU a ft*. 
Itlil. 0%, ftXt» 0. 7 %t fcofcp 

J; 9cLtfl&}i^A^i:. Co. 5 % £ 
a?7^ v4%*fcjbDL-C«**fTft^* £ ft 
*$Jfett(l)£l3tl<-L-tE&£3K tt * • » # 

e * * fr * o * . ia % nueraiKi*!. ztorfc 

U ft: o 



WR]03n7-lB4H58 (6) 

« £ L fc 0 * © » * * « K 6 2 HRC % ft #f ^ 
« 4 6 5 T * O fc , afcOfcHfcCj:* 

8KH9«^CDia5^Aiio*9rtt62HRC % ft « 
« 2 4 o -c * & c £ *» & . * » 9H- «t «; 

**Lt^«CfcA»«i # « % il 8KH 9 <D 

{l)©ifc*£*ttii:-t*4:iS<-;fr* 0 UCU 
»W©#Jltt ft 6 . 

Hit to (3) 

6%W-5%Mo-4%Cr - 6 % V - 1. 9 % 
4 % # J&p U . 7^3-*til!BIU)K-* £ * 

«ifc«(2)t^i«iautiacfi, & « % &m* 
m&m* ft * o * 0 ft. j»isfflj*w:v©iijODi- 



<t U £ Jfe (2) © # IS a « .fc U ft 2 otfi^flS 

tu^o * * , ^e>ftfc&ii8ffi£&«©*j£tt 

6 4 HRC % til ft U 4 2 5 T * O ft . 

C © J: 3 ft » V £ * M T iB U * v* 
Jhtv^ifti, * 5B 91 i- * ft « « B <- » "C £ 
tit. **»*!© J: 5 t::tt£ttftffli£©£ 
AI»*Hi6WU)XW:(2)i-qpUtffli:LtJa<trt, 

£ Jt to U) 

1 0 % W - 3. 5 % Mo - 4 % Cr - 3. 5 % V - 
5 % TiN -&«IiFe*>P>ft£te*£»&£»*Hifi 

Lit p 

X MM U).<- *^X«*L,T#e>ft*:6*t5n-* 
l»»T5»i:, ¥ 14 & 1. 6 ^©TlNtt^* 5 

% fl* in u . ^«n*JtefHi(i)t^«<-ut:^^» 
a « « 51 * h <n x »j i o x: « v> a at -c it * o o 



6 8 HRC % fa 2l H 4 1 1 T * o fc # 

tit. :ottfeiBi^Aifc«*©7 M>( x 
i- J: U » fc 8KH 57*82©K£*»-CPJ~«* 
© X J* * & U . 8US S04Ott«(flM 
A * 0. 3 «i/rev % 1. WM»flE 

3 0 «/min , XAWtt 1 5, 5, 5, 1 5, 1 5, 

0. 8 R ) Lt, *ffc<-X***Jt«*fTftO 

fig m i 4^-c**<oci»l, *»8/n-«t 
*«^*ii©wM^Jii^faj« 3 o ^«i±-c*o 

it. 

* jfri ft B H ^ ^ • * » ^ <r i: n W 6 m. & 5j fig 
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»l8tt*»Bfl ( ;J; 5 SKH 5 7 J9 $ <D ft £ ft 
*2H*iifi*r©»J*fc<rj;6 SKH 5 7 IB 2 © » 
T * * 0 



X ft* 
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3* 2 M 



* m m je m (@n> 

BB*J5 30 

«ftFir*« a m # « ft 



«»5 6|3fl 1 3 B «tH ©ft* » 

2. »»*©£# 

ft* 

3. *iE*T*£ 

J* **tt=FftBaK*.©fl 2Tl6tlf 
«* (529) #«««X*t#*<&l± 

ft* f * ft jE * («2tt) 

4. ft a a 

ttw *#«=FttfflK#Bdb*4&*ri s*m 
JE * * 3 flt T ioi 

KB (252) 6 6 1 9 * 6 6 1 01 
ft* (6348) # fl± X M 

5. ffiiE©** 

^»»©fc#m*©ies©*&c*fc»9©i* 

10 tt "A © « 

e. m iE © n s » je © t * u 




M H © rt 8 

1. fc*m*©|6ffi*&Jtt©ilUlTjET*. 

2. »W©#IBftftl¥ilZ*V>T,*6RJ|l2 0fT, 
i7R» I 2ft, * 8 M# 1 1 f7. 
fT-»3fT, »1 6I»1 4fr, »19lil3 
frft^»20IIBl 8 fri-**v**v Tl /« »TJ 

**** r i o#«itj * rriET *. 

3. RURIifii: TV, Tl f JU**fY, 
Co , Ti , J t IT iET * o 

4. ft * I 2 H * 2 fx I- T 5 X l 0" 1 mHg J t * 

a*ro.i«Hgj£rriET*p 

5. Pl»i 2H9 l 3fr<: r 4 0 orj 
T30 orj hffiETZo 

6. ^*i4H*3fri-rii^jfc***rB« 

»J * H JET * c 

7. ^« i 4i*5i7i: rttsu r« 
ft o. i j * ir iE r * . 

8. ^JfJl 4 7ff»: rt^^i: 1 0 0 

* * V> „ J £ * * * T it * «J "C * J t IT iE 
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9. R«i5H*4ffi:rBII*Ufc*«*rX 
10. PJi 1 6 I* 1 2 fr-» 1 3 fri: r«9f 5 /» 

jiiT^fi^utj tft**Mi***o 

1 o-. £ ft** I"** 6 m % rfJ 

1 ft? 3 0«J tfJiET^. 

12. 7M*8fri: T4 ootj 
T3 0 OtJ iUiETS, 
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Specification /331* 

1. Title of the Invention 

MANUFACTURING METHOD FOR SINTERED HIGH-ALLOY STEEL 

2. Claims (Amended on March 30, 1981) 

(1) A method for manufacturing a sintered high-alloy steel 
having a structure in which a fine carbide is uniformly dispersed in 
a martensitic iron alloy matrix, wherein an alloy composition is 
compounded using a metal oxide powder and carbon powder, wherein an 
amount of carbon for reducing the metal oxide as CO is added in 
powder form, mixed in and pulverized, wherein heat is applied in a 
hydrogen flow to co- reduce the oxide with the hydrogen and carbon 
while being alloyed to obtain an alloy powder, wherein the 
composition and granularity of the alloy powder are adjusted, wherein 
the alloy powder is compacted and vacuum- sintered, and wherein the 
sintered compact is isotropically compressed in an inert gas 
atmosphere and then heat treated to render the matrix martensitic. 

(2) The manufacturing method for a sintered high-alloy steel 
described in Claim 1, wherein a carbon powder, metal powder and/or 
carbide powder are added to the co-reduced and alloyed alloy powder, 
wherein this is mixed together and pulverized, and wherein the 
composition of the alloy powder is adjusted. 

(3) A method for manufacturing a sintered high-alloy steel 
having a structure in which a fine carbide and nitride are uniformly 
dispersed in a martensitic iron alloy matrix, wherein an alloy 

* Numbers in the margin indicate pagination in the foreign text. 
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composition excluding the nitride is compounded using a metal oxide 
powder and carbon powder, wherein an amount of carbon for reducing 
the metal oxide as CO is added in powder form, mixed in and 
pulverized, wherein heat is applied in a hydrogen flow to co-reduce 
the oxide with the hydrogen and carbon while being alloyed to obtain 
an alloy powder, wherein the granularity of the alloy powder is 
adjusted, wherein the nitride powder is added and the granularity is 
adjusted, wherein the alloy powder is compacted and vacuum- sintered, 
and wherein the sintered compact is isotropically compressed in an 
inert gas atmosphere and then heat treated to render the matrix 
martensitic . 

(4) The manufacturing method for a sintered high-alloy steel 
described in Claim 3, wherein a carbon powder, metal powder and/ or 
carbide powder are added to the co-reduced and alloyed alloy powder 
and the composition is adjusted, wherein the nitride powder is added, 
and wherein this is mixed together and pulverized. /332 
3. Detailed Description of the Invention (Amended on March 30, 1981) 

The present invention relates to a method for manufacturing a 
sintered high-alloy steel having a structure in which a fine carbide 
or carbide and nitride are uniformly dispersed as the dispersed 
materials in a martensitic iron alloy matrix. 

General tool steel and high speed steel are cast using the 
melting method, but the melting causes the carbide to have a feathery 
structure which weakens the steel. Therefore, heat processing is 
added to break down this structure. Unfortunately, this method causes 
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the dispersion of the carbide to be oriented and significant fatigue 
and consequent material loss occur in the mechanical processing to 
shape the steel as desired. If the steel could be finished to the 
desired shape using powder metallurgical manufacturing, the heat 
processing to break down the structure and the other problems would 
be solved. However, power metallurgical manufacturing has many 
problems and cannot be said to be ready to meet the demands of 
industry. The main reason is that it is difficult to obtain a 
sinterable powder for high-speed steel. Sintered high-speed steel 
has appeared recently on the market. Here, a powder (atomized powder) 
obtained by spraying a molten alloy with a Specific composition in 
water or an inert atmosphere is vacuum packed in a metal container 
and then isotropically compressed with hydrostatic pressure at high 
temperature. A characteristic of powder metallurgy is that the 
product is cast in its final shape all at once, but this method is 
different. The atomized powder has a maximum target granularity of 1 
mm and is both hard and tough, it is difficult to crush and does not 
have sintering properties. 

Because creating a high-alloy steel using powder metallurgy is 
premised on the utilizability of an alloy powder, many attempts have 
been made to manufacture an alloy powder. In addition to creating a 
powder from liquid phase as in the case of atomized powder, an alloy 
powder has been created using a solid phase reaction. 

In one method, a mixture of various element powders (pure metal 
and carbon) and/or carbide powders is heated and dispersed in solid 
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phase to alloy the mixture. However, the temperatures for solid phase 
dispersion are different for the various elements. If the temperature 
is too high, some of the elements are mixed in liquid phase but only 
those in the solid phase reaction are alloyed. If a liquid phase 
occurs during the reaction, carbides with a feathery structure are 
created. These are difficult to crush into powder and have very poor 
sintering properties. In the other method, the mixture is divided 
into a group with a high solid phase reaction temperature and a group 
that does not have a high solid phase reaction temperature. In the 
case of the former, a complex carbide is formed at a high temperature 
such as 1300°C. This is mixed with the other group and a solid phase 
reaction is conducted at a low temperature such as 1220 °C to perform 
the final alloying. In the complex carbide formation reaction, the 
powder tends to experience secondary growth (agglutination) . Once 
this growth occurs, crushing becomes difficult. Alumina powder can be 
mixed in to prevent secondary growth, but the alumina has to be 
removed after the reaction. This makes it unsuitable for mass 
production. Because a fine metal powder is used in this method, there 
is a fire hazard. The sintering reaction can be performed on the 
compact while an alloying reaction occurs between the complex carbide 
and the residual group. Because the sintering temperature is lower 
than the alloying temperature, the alloying that occurs at the 
sintering temperature is inadequate. But bringing the temperature up 
to the alloying temperature makes the granularity of the matrix 
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coarser. These reactions can be performed separately, but this 
extends the run time of the process. 

As a result of extensive research to overcome the difficulties 
associated with the prior art method, the present inventors were able 
to develop a manufacturing method for a high-alloy steel in which an 
alloy powder suitable for powder metallurgy can be successfully 
created and in which the compacting, sintering and isotropic 
compression can be integrated. 

The present invention is a method for manufacturing a sintered 
high-alloy steel having a structure in which a fine carbide is 
uniformly dispersed in a martensitic iron alloy matrix, wherein an 
alloy composition is compounded using a metal oxide powder and carbon 
powder, wherein approximately 1/2 the amount of carbon for reducing 
the metal oxide as CO is added in powder form, mixed in and 
pulverized to an average particle diameter of 10 ]u or less, wherein 
heat is applied in a hydrogen flow to co- reduce the oxide with the /333 
hydrogen and carbon while being alloyed to obtain an alloy powder, 
wherein the composition and granularity of the alloy powder are 
adjusted, wherein the alloy powder is compacted and vacuum- sintered, 
and wherein the sintered compact is isotropically compressed in an 
inert gas atmosphere and then heat treated to render the matrix 
martensitic . 

The present invention is also a method for manufacturing a 
sintered high-alloy steel having a structure in which a fine carbide 
and nitride are uniformly dispersed in a martensitic iron alloy 
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matrix, wherein an alloy composition excluding the nitride is 
compounded using a metal oxide powder and carbon powder, wherein 
approximately 1/2 the amount of carbon for reducing the metal oxide 
as CO is added in powder form, mixed in and pulverized to an average 
particle diameter of 10 ji or less, wherein heat is applied in a 
hydrogen flow to co- reduce the oxide with the hydrogen and carbon 
while being alloyed to obtain an alloy powder, wherein the 
granularity of the alloy powder is adjusted, wherein the nitride 
powder is added and the granularity is adjusted, wherein the alloy 
powder is compacted and vacuum- sintered, and wherein the sintered 
compact is isotropically compressed in an inert gas atmosphere and 
then heat treated to render the matrix martensitic. 

The alloy manufactured in the present invention contains 5-60% 
(wt%, same below) of two or more of the following W, Mo, Cr, V, Co, 
Ti, Nb, Ta, 0.5-5% C, and 2% or less N with the remainder being Fe 
and the inevitable impurities. Sintered high-alloy steels in which a 
metal carbide or metal carbide and nitride are finely and uniformly 
dispersed in a martensitic iron alloy matrix include SKD and SKH 
materials under the JIS classification system but the present 
invention is not limited to these. The following is a detailed 
explanation of the present invention. 

The alloy powder forming the base of the present invention is 
obtained by mixing a specific amount of carbon powder into an oxide 
powder corresponding to the metal component of the alloy excluding 
the nitride, pulverizing the mixture to an average particle diameter 
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of 10 jlx or less, holding the temperature at 1000 ± 100°C in a 
sufficient hydrogen flow, co-reducing (simultaneously reducing) the 
oxide powder with the hydrogen and carbon, and conducting an alloy 
reaction through solid phase dispersion. 

The powder at the departure point advantageously uses an oxide 
for the metal component excluding the metal nitride as an alloy 
component. This makes it easy to crush in the pulverizing process, 
does not experience continued oxidation during the pulverizing 
process, and makes it subsequently easier to control the amount of 
carbon. Also, a predetermined amount of carbon or graphite powder is 
added to the oxide, the resulting mixture is mixed and pulverized to 
an average particle diameter of 10 |lx or less, and co-reduction is 
performed in a hydrogen flow by the hydrogen and carbon. This 
advantageously lowers the reduction and alloying temperatures, and 
does not cause strong secondary growth in the resulting alloy powder. 
The reduction can be performed by either hydrogen or carbon, but 
reduction using only one of these raises the reduction and alloying 
temperatures, and causes secondary growth in the resulting alloy 
powder, making it difficult to crush. Therefore, some of the oxide is 
replaced by metal powder or carbide powder to the extent that the 
aforementioned advantages are not compromised. 

The alloy powder obtained in this manner has a structure in 
which a fine carbide is dispersed in the alloy matrix. Significantly, 
a subsequent process is not required for crushing the carbon. 
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The desired amount of carbon is approximately 1/2 the 
theoretical value required by oxide reduction as CO added to the sum 
of the final amount of carbon for solid solution in the alloy matrix 
plus the amount of carbon for carbide formation (the active amount of 
carbon) , Approximately half the theoretical value required for 
reduction is added because the rest of the reduction is performed by 
hydrogen. This is adjusted somewhat depending on the hydrogen feed 
method and heating method used. Caution must be exercised so that the 
hydrogen to added carbon reduction ratio is 1:1. This provides 
complete oxidation without secondary growth in the alloy powder. Even 
though a ratio of 1:1 is preferred, there is a certain degree of 
tolerance in either direction. In other words, the co- reduction 
requires an approximate ratio of 1:1. 

More specifically, the required amount of carbon determined in 
this manner varies within a narrow range due to uncontrollable 
factors. If too little carbon is accidentally added, some of the 
active carbon in the alloy component is consumed. Normally, reduction 
ends before the carbon is exhausted. If the reduction process does 
not end, the hydrogen feed conditions and heating conditions have to 
be altered. If an excessive amount of carbon is added, more oxide has 
to be added and more heating has to be performed in a hydrogen flow 
to eliminate the excess carbon. This is a waste from a /334 
manufacturing standpoint, and the final properties of the sintered 
compact are compromised. Therefore, the amount of carbon used in the 
reduction process should not lead to either a significant deficiency 
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or unconsumed excess. The reduction is sufficient if the residual 
amount of oxygen is 1% or less. The residual amount of active carbon 
and the residual amount of oxygen are measured at the end of the 
reduction process, and any carbon deficiency is corrected. 

The alloy powder obtained in this manner can be simply compacted 
with a bonding agent, but it is pulverized to the original particle 
diameter to eliminate any light secondary growth. Because of the 
adjustment to the amount of carbon, it has to be pulverized to 
complete the mixing process. In the mixing and pulverizing process, 
carbides that are not co- reduced or carbides that are not co- reduced 
and/or nitrides can be added to change the alloy composition. This 
mixing and pulverization differs from the initial mixing and 
pulverization of the oxide and carbon in that care is exercised to 
prevent oxidation and not alter the final amount of carbon. 

After this adjustment, a required bonding agent is added to the 
alloy powder and the alloy powder is compacted. In order to prevent 
oxidation and any change in the amount of carbon, sintering is 
performed in a vacuum at pressure under 0.1 mmHg. Oxidation can be 
prevented in a non- oxidizing atmosphere such as in argon, but the gas 
cannot be sufficiently removed from the compact. This undermines 
final product quality. The amount of carbon is also changed in 
hydrogen. Because the compact normally contains 5% or less binder, 
care must be exercised so that the binder does not adversely affect 
the amount of solid solution carbon in the final product. Paraffin is 
one binder and is preferred from the standpoint of providing strength 
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to the compact. However, sintering performed without sufficiently- 
removing the paraffin is likely to cause carburizing. Because removal 
of the paraffin from the compact requires temperatures around 3 00°C, 
sufficient gas has to be supplied in an inactive gas or reducing 
atmosphere to prevent paraffin gas from remaining in the compact. 
Preferably, removal of the paraffin is performed in a vacuum. The 
paraffin removal process is not an impediment even when separated 
from the sintering process. It can be performed before the sintering 
process. A binder such as naphthalin does not provide strength to the 
compact, but it easily sublimates and does not cause any harm in a 
gas discharge system. It also does not require a special binder 
removal process. As a result, it has advantages in situations where 
the compact does not require additional strength. Naphthalin and 
paraffin represent the extremes and many other binders are available. 
Their use depends on the binder removal process as mentioned above. 
The binder should be removed before sintering in order to prevent 
carburizing. If the heating rate in the paraffin removal process is 
8°C per minute or less, cracking of the compact can be prevented. 

In the sintering process, the carbon monoxide caused by 
reduction of the residual carbon is removed at a temperature of 900- 
1110 °C under rising temperature conditions. This slows the rise in 
the heating rate and requires holding the temperature constant for a 
time if necessary. The sintering is performed after the complete 
removal of the gas has been verified. The sintering temperature 
depends on the alloy composition and the amount of solid solution 
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carbon, but a higher temperature reduces the sintering time. 
Unfortunately, this causes austenite and carbide granularity growth. 
Therefore, the sintering temperature should be as low as possible 
while also allowing for an acceptable sintering time. The sintering 
temperature should be higher than the co- reduction temperature and is 
generally 30 to 70 °C below the solid phase line. 

The sintered compact obtained in this manner has a beautiful 
structure in which a fine carbide (particle diameter 0.1-2 [i) is 
dispersed uniformly throughout the austenite matrix. The density is 
95-97%. If the sintering temperature is high, the density approaches 
100%, but the austenite and/or carbide granularity become coarser. 
This causes a deterioration in mechanical properties and quenching 
properties. Methods of increasing the density of the sintered compact 
include heat forging and rolling, but these methods change the final 
shape of the sintered compact. This goes against the concept of 
powder metallurgy, which is to maintain the same shape from start to 
finish and to eliminate the necessity for any finishing process after 
sintering. These means are also inappropriate if the sintered compact 
has a complex shape. 

In the present invention, isotropic compression is performed on 
the sintered compact under high-pressure/high- temperature conditions 
in an inactive gas atmosphere such as one of argon. An /335 
isotropically compressed sintered compact approaches a density of 
100%. In order to make higher densities possible, air pockets have to 
be removed from the sintered compact during the sintering process. 
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Experimentally, these are closed if the density is 95% or greater. 
Therefore, the sintering conditions should be selected to satisfy 
this condition. The compressing temperature in isotropic compressing 
has to below the sintering temperature. The compacting temperature 
and compacting pressure complement each other, so one can be 
increased if the other one is lowered. For example, the temperature 
can be 1100 °C and the pressure 100 atm. The effect of isotropic 
compressing is to increase mechanical properties and resistance 
without adversely affecting the original shape of the compact. 

Because the sintered high-alloy steel obtained in this manner 
has a structure in which a carbide or carbide and nitride are 
dispersed uniformly in an austenite matrix, quenching is used to 
change the austenite matrix to martensite, and tempering is used to 
eliminate the residual austenite and stabilize the martensite. This 
greatly improves mechanical properties. The heat processing 
conditions depend on the alloy composition but should accord with 
normal practice. 

The following is an explanation of the present invention with 
reference to working examples. 
Working Example (1) 

An SKH57 sintered high-alloy steel was manufactured (10% W, 3.5% 
Mo, 4% Cr, 3.5% V, 10% Ce, 1.25% C, remainder Fe, Mn + Si + P < 
0.7%) . 

In order to first create an alloy powder, W0 3 1.261 kg, Mo0 3 
0.525 kg, Cr 2 0 3 0.585 kg, V 2 0 3 0.515 kg, CoO 1.271 kg and Fe 2 0 2 
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(containing Mn, Si and P impurities) 9.687 kg was compounded as a 
powder. C 1.6 kg was added to this and the mixture was mixed together 
and pulverized to reduce the particle diameter to 1 ja or less. 
Pellets were formed without a binder, which were heated to a 
temperature of 1000 °C at a rate of 5°C per minute in a sufficient 
hydrogen flow (0.5 L per minute). This was maintained for three hours 
for reduction. The powder obtained in the manner was verified as 
alloyed using X-ray and EPMA analysis. The amount of residual carbon 
was 1.3%, and the amount of residual oxygen was 0.8%. The capacity of 
the cubical furnace was 42 L. 

C 0.6% and paraffin 4% were added to the powder, and light ball 
mill grinding was performed in alcohol. Once the powder had been 
dried, it was compacted in a mold (pressure 1 t/cm 2 ) to create a 6 mm 
x 10 mm x 30 mm (WxLxD). The paraffin was removed in a vacuum and 
sintering was performed. The paraffin was removed under rising 
temperature conditions around 3 00 °C and the degree of vacuum was 
reduced. After recovery, the degree of vacuum was again reduced 
between 900 and 1100 °C. The decline in the degree of vacuum was 
initiated so that the carbon could reduce the residual oxygen in the 
compact. After the gas has been removed in 20 minutes, the 
temperature was raised to 1240 °C and held there for one hour to 
perform the sintering. The resulting test compact contained 1.26% 
carbon (analytical value) and had a specific gravity of 7.91 g/cm 2 

(relative dissolving material ratio 96.0%). 
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Next, the sintered compact was isotropically compressed for 40 
minutes in high- temperature/high-pressure argon at 1150 °C and 1150 
atm. As a result, a sintered high-alloy steel was obtained with a 
specific gravity of 8.24 and absolutely no air pockets in the 
sintered compact. When heat treatment (1200 °C x 2 minutes, air cooled 
quenching, 560 °C x 60 minutes x 3 times, air cooled tempering) had 
been performed and the hardness and resistance were measured, the 
hardness was 67 HRC and the resistance was 496 kg/cm 2 (resistance 
test product dimensions D4mmxW8mmxL25 mm) . When the same 
heat treatment was performed on a test product that did not undergo 
isotropic compressing, the hardness was the same (67 HRC) but the 
resistance was only 271 kg/cm 2 . Therefore, the isotropic compressing 
process is considered very important. 

The standard values for SKH57 obtained using the normal melting 
method are a hardness of 65 HRC and a resistance of 217 kg/cm 2 . 
Therefore, the sintered high-alloy steel of the present invention 
clearly has superior properties. 

The structure of the SKH57 sintered high-alloy steel in the 
present invention after quenching is shown in FIG 1, and the 
structure of the SKH57 sintered high-alloy steel using the normal 
melting method after quenching is shown in FIG 2 (magnification 
factor 400x) . In FIG 1, the fine carbide is uniformly distributed. In 
FIG 2, the fine carbide is also uniformly distributed but the /3 
carbide distribution is directional. 
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Working Example (2) 

An SKH9 sintered high-alloy steel was manufactured (6% W, 5% Mo, 
4% Cr,. 2% V, 1% C, remainder Fe, Mn + Si + P < 1 . 0%) . 

In order to first create an alloy powder, W0 3 0.711 kg, Mo0 3 
0.750 kg, Cr 2 0 3 0.591 kg, V 2 0 3 0.360 kg, and Fe 2 0 2 (containing Mn, Si 
and P impurities) 11.816 kg was compounded as a powder. C 1.40 kg was 
added to this and the mixture was mixed together and pulverized to 
reduce the particle diameter to 1 n or less. The reduction was then 
performed using the same method as the first working example. The 
resulting powder was completely alloyed. The amount of residual 
carbon was 1.0%, and the amount of residual oxygen was 0.7%. 

C 0.5% and paraffin 4% were added to the resulting powder, and 
the mixture was pulverized. The compacting, sintering and isotropic 
compressing were performed in the same manner as the first working 
example. The sintering temperature was 1260 °C. 

Heat treatment was performed on the resulting sintered high- 
alloy steel in the same manner as the first working example, and the 
hardness and resistance were measured. As a result, the hardness was 
62 HRC and the resistance was 465 kg/cm 2 . Because the hardness and 
resistance of SKH9 high-alloy steel obtained using the normal melting 
method are 62 HRC and 24 0 kg/cm 2 , respectively, the sintered high- 
alloy steel manufactured using the method of the present invention 
clearly has superior properties. SKH9 is usually tougher than SKH57, 
but the opposite was the case with respect to the results in the 
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first working example. The present invention is clearly peculiar in 
this regard. 
Working Example (3) 

A sintered high-alloy steel, was manufactured consisting of 6% W, 
5% Mo, 4% Cr, 6% V, 1.9% C, and the remainder Fe . 

When the carbon and paraffin were added to alloy powder reduced 
in the same manner as the second working example, 4% VC was also 
added. The mixture was then pulverized to an average particle 
diameter of 1 fi or less using a ball mill sealed in alcohol.. The 
compacting, sintering and isotropic compressing were performed in the 
same manner as the second working example. The sintering temperature 
was 20°C lower than the second working example because of the added 
V. The hardness and resistance of the resulting sintered high-alloy 
steel were 64 HRC and 425 kg/cm 2 , respectively. 

A high V alloy is difficult to create using the normal melting 
method. It can be manufactured more easily using the present 
invention. If this composition is prepared using the methods in the 
first and second working example, sintered high-alloy steels with 
different compositions can be manufacturing from this departure 
point . 

Working Example (4) 

A sintered high-alloy steel was manufactured consisting of 10% 
W, 3.5% Mo, 4% Cr, 3.5% V, 5% TiN, 1.25% C, and the remainder. Fe . 

When supplemental carbon and paraffin were added to alloy powder 
reduced in the same manner as the first working example, 5% TiN with 
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an average particle diameter of 1.6 ji was also added. The compacting, 
sintering and isotropic compressing were performed in the same manner 
as the first working example. The sintering temperature was 10 °C 
higher than the first working example. The hardness and resistance of 
the resulting sintered high-alloy steel were 68 HRC and 411 kg/cm 2 , 
respectively. 

Tools with the same shape were manufactured using this sintered 
high-alloy steel and SKH57 high-alloy steel made using the 
atomization method. Abrasion was created through dry shaving using 
SUS304 (feed rate 0.3 mm/rev, shaving depth 1.5 mm, shaving rate 30 
m/min, tool shape -5, 15, 5, 5, 15, 15, 0.8 R) to test their relative 
durability. While it took 14 minutes to shave the steel obtained 
using the atomization method, it took 3 0 minutes in the case of the 
sintered high-alloy steel of the present invention. 

TiN cannot be dispersed using the melting method, the powder 
diameter is large in the atomization method, and added TiN has no 
effect. Clearly, the manufacturing method of the present invention 
has superior properties. 

In the present invention, there is no liquid phase reaction from 
the creation of the alloy powder to the completion of the finished 
product. It is solid phase reactions all the way through to the end. 
Because the properties of the finished product are superior, this is 
a significant effect. 
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4. Brief Explanation of the Drawings /337 

FIG 1 is a microscopic photograph of the structure of SHK 57 
sintered high-alloy steel of the present invention immediately after 
quenching. FIG 2 is a microscopic photograph of the structure of SHK 
57 sintered high-alloy steel manufactured using the normal melting 
method immediately after quenching. 

FIG 1 
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